The otic labyrinth is of great interest and important neurologically, as it is the terminal end organ of an extensive sensory mechanism which has connections with· many portions of the central nervous system. This mechanism is frequently involved in affections of the nervous system-organic, functional and psychic-and when the seat of pathologic disturbances, produces symptoms which are essentially neurologic in character-e. g., vertigo-subjective and objective; disturbances of static consciousness and equilibrium; nystagmus, and forced movements due to an alteration of the labyrinthine tonus of the muscles of the trunk and extremities. A knowledge of the functions and relations of the vestibular nerve is, therefore, essential to a proper understanding of vertigo, equilibrium and orientation, nystagmus, and cerebellar localization.
The otic labyrinth is of great interest and important neurologically, as it is the terminal end organ of an extensive sensory mechanism which has connections with· many portions of the central nervous system. This mechanism is frequently involved in affections of the nervous system-organic, functional and psychic-and when the seat of pathologic disturbances, produces symptoms which are essentially neurologic in character-e. g., vertigo-subjective and objective; disturbances of static consciousness and equilibrium; nystagmus, and forced movements due to an alteration of the labyrinthine tonus of the muscles of the trunk and extremities. A knowledge of the functions and relations of the vestibular nerve is, therefore, essential to a proper understanding of vertigo, equilibrium and orientation, nystagmus, and cerebellar localization. ANATOMIC CONSIDERATIONS. The otic labyrinth may be regarded as a highly specialized end organ of the vestibular division of the eighth cranial nerve. As is well known, the auditory nerve consists of two groups of fibers which are functionally quite separate and distinctviz., the cochlear, which is the essential nerve of hearing; and the vestibular division, which is concerned with the important function of equilibrium and the space sense. These two groups of fibers course in a common trunk, the acoustic or eighth cranial nerve. Their peripheral and central terminations are, however, quite distinct and separate. In this discussion we are concerned only with the vestibular nerve and its relation *Read before the Section on Otology, New York Academy of Medicine, December 5, 1915. to static consciousness and equilibrium. The peripheral stimuli which carry sensations of movements of the head take their origin from wave-like movements of the endolymph within the semicircular canals. The fluctuations in movement of these fluid columns are registered by waves of the delicate cilia on the epithelial cells of the cristx ampullarum ; from here the impulse is carried to the ganglion of Scarpa, a small peripheral ganglionic structure of the vestibular nerve and the homologue of the posterior spinal ganglia. From here the sensory Impressions flow along the fibers of the vestibular nerve to the primary nuclei in the medulla oblongata. Of these there are several aggregations, of which the more important are the nucleus of Deiter and the nucleus triangularis; other accessorỹ anglia are the nucleus of Bechterew, nucleus of Staderini, and the nucleus vestibularis descendens. From these primary nuclei the labyrinthine impulses are diffused in many directions, VIZ. :
1. To the ocular nuclei on both sides, by way of the posterior longitudinal bundle. 1'hrough this mechanism vestibular nystagmus is produced.
2. To and from the vermis and cerebellar cortex, as well as other ganglionic structures in the cerebellum.
3. To the anterior horn cells of the spinal cord through the vestibulospinal tract. (The connections of two and three produce the forced movements, disequilibration and the alterations of muscle tonus of labyrinthin origin.) 4. To the region of the nuclear origin of the vagus nerve, which explains the nausea, vomiting, dyspnea, and circulatory changes of severe labyrinthine vertigo, and finally: 5. Fibers which pass cephalad through the midbrain and the optic thalamus to the cerebral cortex, terminating, it is supposed, in the region of the posterior portion of the parietal lobe. This communication with the cerebral cortex is the anatomic basis for the existence of static consciousness and affords an explanation for the disorientation and other psychic reactions of a severe vertiginous seizure.
Of great practical importance at the present time are the afferent and efferent communications between the primary vestibular centers in the medulla and the cerebellar cortex, which were demonstrated by Ramon y Cajal by the silver impregnation method. Cajal has also shown that collaterals pass from the pyramidal tract fibers in the pons varolii to the cerebellar cortex of the opposite side. Therefore, the motor fibers of the pyramidal tracts stand in relation to the cerebellar cortex, and the labyrinth has extensive connections with the cerebellum and the spinal cord. These communications explain in part the occurrence of ataxia, forced movements, and alterations in muscle tonus which are observed in labyrinthine disturbances. They are also of especial importance in reaching a proper understanding of the reaction movements of the head, trunk, and extremities, as described by B:'miny after the caloric test and rotation experiments.
This, then, represents, roughly, the course and terminations of the vestibular nerve, and is, so to speak, the anatomic basis of vertigo. It is a bilateral mechanism, and for its proper function a strictly harmonious action is required from each side simultaneously. If there is irritation or paralysis of the end organ on one side an asymmetric stimulation results, with the production of true labyrinthine vertigo, viz., sudden disturbance of equilibrium, nystagmus, a sense of subjective and objective rotation of objects, severe vertigo, nausea and vomiting, pallor, tachycardia, dyspnea, darkening of the field of vision, and sometimes unconsciousness.
The nystagmus of vestibular origin is rhythmic in character and consists of two components, a slow movement followed by a rapid return movement. The direction of the nystagmus -i. e., to the right or left, upward or downward-always refers to the direction of the rapid movement. It is always more manifest when the eyes are turned in the direction of the rapid nystagmus; it is diminished or suppressed in the direction of the slower component. The slow component is the direct result of the vestibular irritation, while the rapid return movement is of cerebral origin. Pike has shown, as a result of experimental study, that the rapid phase of the nystagmus is probably produced from the contralateral cerebral cortex. It-is of especial interest to note that each semicircular canal evokes ocular movements in its respective plane.
B<'m'tny has perfected an elaborate series of tests by caloric and rotation stimulation of the various semicircular canals, which are of great interest physiologically and of great prac-tical importance. These tests not only determine the functional activity of the vestibular nerve, but a proper understanding of their detail and technic is essential for the interpretation of the various disturbances of labyrinthine tonus. Nystagmuõ f labyrinthine type is also produced by lesions of the vestibular nerve and of the central connections in the medulla. There is some doubt as to the relationship of cerebellar nystagmus to vestibular nystagmus. Wilson and Pike believe that pure cerebellar nystagmus is essentially an ataxic disturbance, an incoordination or asynergia of the ocular mechanism, and identical with the asynergic disturbances of cerebellar origin. While this may be true, it must not be forgotten that clinically most cerebellar lesions exert pressure on the underlying brain stem, and in this way may produce true vestibular nystagmus. It would also seem probable that irritation of the vestibulocerebellar fibers might have a similar effect.
MOTOR REACTIONS AFTER LABYRINTHINE STIMULATION.
That the labyrinth exerts a tonic influence on the voluntary muscular system was clearly shown in the epoch-making experiments of Ewald. The labyrinthine tonus is exercised through the connections existing between the vestibular mechanism, the cerebellum, and the spinal cord. It is homolateral -i. e., each hemisphere of the cerebellum stands in relation to the corresponding trunk and extremities. The movements of the body take place in the plane of the nystagmus and in a direction opposite to the rapid nystagmus-e. g.,if with the head in the upright position and the right arm extended there is induced a horizontal nystagmus to the right, the arm deviates slowly to the left. Barany has elaborated with great detail and exactness a series of tests for the determination of this tonus mechanism of the labyrinth and its influence on the movements of the extremities and trunk. This mechanism is homolateral in its influence-i. e., the right labyrinth and right cerebellum control the corresponding half of the body. As a result of these observations, he has reached the important conclusion that in the cerebellar cortex the various segments of the extremities are represented by four centers which are concerned with the direction of movements-viz., horizontally (right and left) and vertically (up and down.) A stimulation of the labyrinth on one side induces a corresponding alteration of tonic innervation and the direction of movement. As a result there is produced in certain tests, what he terms pointing by. (Vorbeizeigen.) In other words, the sense of direction of movements in the trunk and the extremities is to some extent under the influence of labyrinthine stimuli, and the induction of nystagmus (rapid movement) in a certain direction produces a deviation of movement in the opposite direction. A very important phase of this question is its relation to cerebellar localization and the practical demonstration of cerebellar disease. It also supplements the experimental work on cerebellar localization of such observers as Rothman, Bork, and van Rynberk; and BfLr<lny has shown that investigation along this line may contribute to a knowledge of the localization of centers in the cortex. For example, by freezing with ethyl chlorid, a portion of the cerebellar cortex which had been exposed by an operation, he was able to show that the posteroinferior surface of the cerebellum controlled the inward movements of the upper extremity.
VERTIGO.
It is important to recognize that vertigo, giddiness, and similar sensations are due to a disturbance of this large neural mechanism, and that clinically we should always think of vertigo in this concrete neurologic sense, just as in visual disturbances one thinks naturally of the peripheral organ of vision and its central connections. If this is done, much that is vague and uncertain in our clinical conception of vertigo will disappear. For example, in congenital affections of the vestibular apparatus, as in some types of deafmutism, the space sense is lost. These individuals may be rotated with impunity and yet experience no vertiginous sensation. What more practical demonstration could be offered to show the dependence of vertigo upon this mechanism?
Vertigo may result from labyrinthine disturbances, disease or injury of the vestibular nerve in the internal auditory canal and at the base of the brain, and affections of the central nervous system, more especially of the brain stem and cerebellum. Organic brain disease is one of the most important and most frequent causes of vertigo-e. g., tumor, abscess, multiple sclerosis, encephalitis, and the like. These may act directly on the nuclear and tract connections of the vestibular system, but frequently the vertigo is produced as a result of secondary circulatory changes and alterations in the pressure of the cerebrospinal fluid.
The vertigo in functional conditions should also be referred to this neural mechanism; so that toxic, gastrointestinal, and neurasthenic vertigo represent limited functional disturbances, toxic or circulatory in nature, from sudden fluctuation in the vascularization of the vestibular mechanism. The not infrequent vertigo of cerebral arteriosclerosis probably has a similar orgin. As we have seen, the ocular mechanism is in close anatomic relationship with the primary vestibular nuclei in the medulla, so that ocular vertigo, especially in association with visual defects and diplopia, is relatively frequent. Ocular vertigo, however, is not purely vestibular, as vision itself is an important factor in static equilibrium and orientation.
A word in respect to psychic vertigo. We have seen that a distressing impression is one of the important accompaniments of a vertiginous seizure. It is an acute painful consciousness of disorientation, produced by disturbances of the vestibular apparatus, a disturbance of the judgment of the relation of body to space, a sensory deception as to posture, direction and distance-in brief, an hallucination of the body sense in its relation to space. We have all experienced vertigo in some of its forms, and retain a more or less vivid memory of the psychic impression; so that, especially in neurotics and in neurasthenic and hysteroneurasthenic states, psychic vertigo may become a dominating symptom. This may persist long after vertiginous seizures have ceased, as a phobia or obsession, and is a pure psychic disturbance, requiring psychic treatment for its relief. A rare and very severe form of this variety is that known as continuous vertigo, the vertigo permanens of Weir-Mitchell. Oppenheim has also described similar states as "Dauer Schwindel." This form of vertigo is clearly allied to the minor psychoses.
We should always bear in mind then that the higher cortical associations play an important role in vertigo, which in organic vertigo is the highly unpleasant realization of what is taking place, and in certain functional and psychic states is largely a mental image with associated fear and anxiety.
The treatment of vertigo in general need not be considered in a discussion of this sort. I would, however, emphasize the good results which have occasionally been obtained by lumbar puncture in cases of labyrinthine vertigo. This method was first suggested by Babinski, and Putnam and Blake in this country have reported favorable results. Barany also recommends it; and from personal experience I can vouch for its occasional efficacy. From five to ten or even twenty cubic centimeters of cerebrospinal fluid are removed by lumbar puncture, with the usual precautions. It may be necessary to repeat the procedure once or twice at intervals of one or two weeks. The exact mechanism by which the favorable result is produced is still somewhat obscure. Probably, however, the changes in intracranial pressure, either circulatory or of the cerebrospinal fluid, is an important factor. It is also not impossible that the tension of the fluid in the semicircular canals may be relieved to some extent by this procedure.
